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RESULTSOFBOUNDARYLAYERTRANSITIONTESTSOFTHE

0.025-SCALERIGHT-HANDWINGANDTRUNCATEDAFT FUSELAGE

MODEL(94-0) IN I"HEAEDCVKF"B" HYPERSONICWIND

TUNNEL(OH9OA,MA29)

by

J. W. Foust
Rockwell International SpaceSystems Group

ABSTRACT

Test OH90Awas conducted in the AEDCVKF"B" Hypersonic Wind Tunnel

with the purpose of evaluating boundary layer transition on the lower

surface of the space shuttle orbiter wing during simulated re-entry

flight conditions. Boundary layer transition effects were simulated by

varying step and gap irregularities at the RSI/RCC(reusable surface

insulation/reinforced carbon carbon) interface in the insulation material

near the leading edge of the wing. Re-entry conditions simulated were

Mach8 at freestream unit Reynolds numbersfrom 0.5 x 106 to 3.5 x 106

per foot. Model angles-of-attack were 30 and 40 degrees.

Onehundred twenty-eight (128) runs consisting of infrared and phase-

changepaint data were obtained to support the test objective. Tabulated

and plot source reduced data are included in the Appendices of this

report.

The model configuration, instrumentation, test procedures, and data

reduction are described in this report.

iii



TABLEOF CONTENTS

ABSTRACT

INDEXOFMODELFIGURES

INTRODUCTION

NOMENCLATURE

REMARKS

CONFIGURATIONSINVESTIGATED

INSTRUMENTATION

TESTFACILITYDESCRIPTION

TESTPROCEDURES

DATAREDUCTION

RESULTSANDDISCUSSION

REFERENCES

TABLES

I.

II.

III.

IV.

V.

VI.

VII.

FIGURES

MODEL

TESTCONDITIONS

RUNNUMBERCOLLATIONSUMMARY

MODELDIMENSIONALDATA

MA29PHOTOGRAPHICTESTLOG

OH90APHOTOGRAPHICTESTLOG

COLORINTERFACETEMPERATURES

BLOCKAGEDATASUMMARY

Page

iii

3

4

5

8

9

12

14

15

19

26

27

28

29

37

38

39

58

59

60



TABLEOFCONTENTS(Concluded)

APPENDIXA-- SOURCEDATA:

APPENDIXB -- SOURCEDATA:

APPENDIXC-- SOURCEDATA:

APPENDIXD-- SOURCEDATA:

PAINTDATATABULATIONS

IR DATATABULATIONS

IR DATAPLOTS

IR CONTOURPLOTS



INDEXOFMODELFIGURES

_g_e

1.

2.

3.

B

5.

o

Title

MA29 blockage model.

0H90A shuttle orbiter model 94-0.

Wing insulation simulation details.

a. RSI Tile - Forward Location

b. PSI Tile -Aft Location

c. RCC Roughness - Inboard Location

d. RCC Roughness - Outboard Location

Tunnel B.

Infrared contour map.

a. Gridlines for a = B0o

b. Gridlines for a = 40 °

c. Typical Data Map

Gridline layout for 0H90A tare photographs.

a. Tare Number 8002, ALPHA MODEL = 30 °

b. Tare Number 8001, ALPHA MODEL = 40 °

Page

60

61

62

63

64

65

66

67

68

69

70

71

3



INTRODUCTION

This test, Rockwell designation CH9OA, was part of a large program

to evaluate the effects of aerodynamic heating on the space shuttle

orbiter. It was specifically designed to study boundary layer transition

on the lower surface of the orbiter wing. Gaps and steps in the wing

insulation material were simulated to determine the effect of such

irregularities on the state of the boundary layer.

The tests were conducted in the 50-inch Hypersonic Wind Tunnel (B)

at a freestream Mach number of 8. The freestream unit Reynolds number

was varied from 0.5 x lO6 to 3.5 x lO6 per foot. Model angles-of-attack

of 30 and 40 degrees were run with zero model roll angle. Several model

configurations with various insulation tile gaps and step heights were

tested. An infrared scannir_ camera and the phase-change paint technique

were used on different runs to measure the heat-transfer coefficient on

the wing lower surface.

Prior to the boundary layer transition test, in a separate test entry,

a blockage study was conducted to determine the maximum allowable model

size for 0H9OA. This test was run in Tunnel B on October lh, 1976, under

AR0 Project Number V41B-KTA (Rockwell designation MA29). The results of

that study are also included in this report.

This data package is one of two prepared for the CH90A test entry.

It reports the results from the first four test shifts. A o.Oh-scale

orbiter forebody model was tested during the fifth and final shift of

this entry. This was in support of the (HI03 test program, and the

data are reported in a separate data package.



NCMENCLATURE

SYMBOL

ALPHA-MODEL

ALPHA- SECTOR

b

_A(TO), _,
BETA (o.9_o)

C

CAMERA

DELTIME, At

GROUP

H(T0)

_(T0)/_

H(O.9T0)

_(O._0)/_R

HRFR

DESCRIPTION

model angle-of-attack in the pitch plane (positive

direction, nose down), degrees

tunnel sector angle, degrees

model wing span, inches

semi-infinite slab parameter

_(TAW)
8 =

for this test, data were reduced with TAW defined as

either TO or 0.9T0

specific heat of model material,
Btu

ibm-°R

denotes location of c_mera recording paint pictures

TOP - camera on top of ttmnel

time model was exposed to flow before taking phase-

change paint picture or IR digitizing, sec.

identification number for each tunnel injection

model heat-transfer coefficient based on turnqel

stilling chamber temperature, TO, Btu/ft2-sec-°R

H(T0) non-dimensionalized by HRFR

model heat-transfer coefficient based on 0.gT0,

Btu/ft2-sec-OR

H(O.9TO) non-dimensionalized by HHFR

reference heat-transfer coefficient based on Fay-

Riddell theory, Btu/ft2-sec-°R

"8.172(P01)0.5(MU-O)0-4(I- (P-INF)/P01)0.25

(m_)o.5 (To)o-15

[o.2235 + O.OOOO135 (TO + 560)]

X



SYMBOL

INITIAL TEMP, Ti

INJECT TIME

k

MACH, M_

MU-INF

PAINT THNP, Tpc

PIC NO

P-INF, p_

P0, Po

Q-INF, q_

RE/F2, Re_

EH0-INF

ROLL NO

T

TAW, Taw

T_R (TO)

NG4ENCLATURE (Continued)

DESCRIPTION

where PO1 = stagnation pressure downstream of a normal

shock, psia

MU-O = air viscosity based on TO, lbf-sec/ft 2

RN = reference nose radius = 0.04 ft.

model temperature measured prior to a run, OR

time required for model to reach centerline, sec.

model material thermal conductivity, Btu/ft-sec-°R

freestream Mach number

freestreamviscosity

denotes the rated melting temperature of the selected

paint, OF

see P_-_

denotes the frame number for each picture for a

selected group. The number in brackets is the paint

melt temperature in OF

freestream pressure, psia

tunnel stilling chamber pressure, psia

freestream dynamic pressure, psia

freestresm unit Reynolds number, ft. "I

freestre_ density, slugs/ft. 3

identification number for each roll of paint film

temperature, OR

adiabatic wall temperature, OR

_ - Ti
, where TW is the phase-change paint

TO - Ti temperature



NCMENCLATURE(Concluded)

SYMBOL

T-INF, T_

Ti

TL-ME, t

TO, To

I_, Tw

V-INF

Y

DESCRIPTION

TW - T i

0.gTO - Ti

, where _; is the phase-change paint

temperature

freestream temperature, OR

initial model surface temperature, OR

time, sec.

tunnel stilling chamber temperature, OR

measured model surface temperature, OR

freestreamvelocity, ft/sec

spanwise distance from model centerline, in.

semi-infinite slab parameter,

model material density, ibm/ft 3

square root of the product of the model density,

specific heat and thermal conductivity, Btu/ft 2-

sec V2-°R



R2MARKS

Test (H90Anominal operating conditions are presented in Table I.

Run schedules for both the blockage test and the boundary layer transition

test are presented in Table II. Part 1 of Table II presents the data

groups at each test condition for the NASA/R!_29 blockage test; Part 2

presents the data groups at each test condition for the NASA/PuTOH90A

transition test.



CO_IGURATIONSINVESTIGATED

In order to maximize the model scale without blocking the ._ind

tunnel, a partial model, with the right wing cut away, was used. This

blockage model, shownin Figure l, consisted of a flat plate cut to match

the wing planform, with a cone-cylinder to simulate the fuselage.

Based on the results of the blockage tests, the C_90Amodel (model

9h-O), shownin Figure 2, was a 0.025-scale version of the shuttle orbiter.

The basic model structure was steel, with interchangeable leading edge

sections madeof copper and Novamide. Internal water passageswere

provided for cooling the leading edge. The wing lower surface panels,

also interchangeable, were madeof Novamide700/55, an insulator with

good radiation properties in the infrared region.

Details of the simulated wing insulation are seen in Figure 3. _o

types of insulation, designated as reuseable surface insulator (RSI) and

relnforced-carbon-carbon (RCC), will be used on the orbiter, and both

were included in the design of the CH90Amodel. The RSI simulation

consisted of a single tile at each of six spanwise locations, as in-

dicated in Figure 3a. Two leading edge sections gave two different

chordwise positions for these tiles (see Figures 3a and 3b). Each

individual tile could be adjusted to change the gap around the tile and

the height of the tile above (or below) the wing surface. The RCC

simulation consisted of copper and Novamidesegmentsinserted into the

wing leading edge to simulate misalignment or roughness. The segments

could be arranged at semi-span locations shownin Figures 3c and 3d, -_ith



CONFIGURATIONSI_[qESTIGATED(Continued)

variable gaps between the segments. The trailing edge of each segmenton

the lower wing surface extended 0.575-inch (model scale) from the leading

edge.

Following is a summaa_yof the simulated insulation step heights and

gap variations:

A. Step heights perpendicular to the local mold line (inches):

Forward RSI Tiles = -+0.003
-+o.oo5
to.oo7
-+O.OlO
-+o.o_2
-+o.o15
-+0.o2o

Aft RSI Tiles = -+o.o05
-+o.oo7
-+O.OlO
-+o.o12
tO.O15

-+o.o2o
-+o.o25
to.o3o

RCC Segments (at Trailing Edge) _+0.003

+o.oo5
-+o.oo7
+o.ozo
+o.o12
-+o.o15
+0.o20

B. Gap variations.(inches):

Forward RSI _iles = 0.01

(See insert, Figure 3a) 0.02

Aft RSI Tiles = 0.01

0.02

10



CO_[F!GURATIONS INVESTIGATED (Concluded )

RCC Segments (at Trailing Edge) = 0.002

RCC Segment Gap = 0.060*

(See Figures 3c and 3d)

* Fences of various shapes and thicknesses were installed in the 0.060-

inch gaps.

Nomenclature to describe the model 94-0, vehicle 5 configuration

wing is Wll 6. Dimensional data are presented in Table III.

Drawings of the 94-0 wing model can be found in Reference 1.

11



INSTRUMENTATION

Tunnel B stilling chamberpressure was measuredwith a i00- or 1000-

psid transducer referenced to a near vacuum. Based on periodic compari-

sons with secondary standards, the uncertainty (a bandwidth which in-

cluded 95-percent of residuals) of the transducers is estimated to be

within ±0.i percent of reading or ±0.06 psi, whichever is greater for the

100-psid range, and ±0.i percent of reading or ±0.5 psi, whichever is

greater for the 1000-psid range. Stilling chambertemperature measure-

ments were madewith ChromelAlumel thermocouples which have an uncer-

tainty of ±(I.5°F + 0.375 percent of reading) based on repeat calibra-

tions.

The infrared (IR) system which was used to measuremodel surface

temperatures on someruns utilized an AGAThermovision 680 camerawhich

scans at the rate of 16 frames per second. The camerahas a detector

which is sensitive to infrared radiation in the 2-to 6-micron wavelength

band. Infrared cameracalibrations are performed with a standard black

body reference source and have consistently been within ±i percent of the

cameramanufacturer's calibration and are repeatable within ±i percent

in absolute temperature.

Initial model temperatures were recorded for data reduction of the

IR and phase-changepaint data and the precision of the measurementis

estimated to be ±i.0 percent. A total time differential for exposure

to the tunnel flow is also required, and the precision of this measure-

ment is on the order of ±0.2 seconds. The interpretation of the wall

12



13TSTRUMENTAT!ON (Concluded)

temperature from the phase-change paint technique is estimated to be

±l.O percent of the paint rated value.

For RSI tile simulation, the copper leading edge section of the wing

was instrumented with _ 30-gauge iron constantan thermocouples to monitor

boundary layer transition. The thermocouples are shown in Figure 3a.

13



TEST FACILIT_ DESCRIPTION

Tunnel B, Figure 4, is a closed-circuit hypersonic wind tunnel with

a 50-inch diameter test section. Two axisymmetric contoured nozzles are

available to provide Mach numbers of 6 and 8_ and the tunnel may be

operated continuously over a range of pressure levels from 20 to 300 psia

at M_ = 6, and 50 to 900 psia at M_ --8. Stagnation temperatures up to

1350°R are obtained through the use of a natural gas-flred combustion

heater. The entire tunnel (throat, nozzle, test section, and diffuser)

is cooled by integral, external water jackets. The tunnel is equipped

with a model injection system# which allows removal of the model from

the test section while the tunnel remains in operation. A description

of the tunnel may be found in Reference 2.

74



TESTPROCEDURES

Installation

Model 94-0 was mounted in the "B" tunnel in the inverted position.

A series of pro-bent sting sectors positioned the model at 30 degrees

angle-of-attack with the tunnel pitch sector at zero. Pitching of the

tunnel sector to -10 degrees then positioned the model at the required

maximum of _0 degrees angle-of-attack.

A test run log showing all configurations tested and the variables

for each is presented in Table II, Part 1 for the MA29 blockage test and

Table II, Part 2 for the CH90A test. Photographic data obtained during

the test included 70-mm sequence photographs from the top of the test

section on the paint runs, 70-mmpictures of the IR monitor screen, and

a shadowgraph picture for each run. A log of the photographic data is

presented in Table IV forM A29 and Table V for (H9OA.

Operating Procedures

General

In the VKF continuous flow wind tunnels (A, B, C), the model is

mounted on a sting support mechanism in an installation tank directly

underneath the tunnel test section. The tank is separated from the

tunnel by a pair of fairing doors and a safety door. When closed, the

fairing doors, except for a slot for the pitch sector, cover the opening

to the tank, and the safety door seals the tunnel from the tank area.

After the model is prepared for a data run, the personnel access door to

the installation tank is closed, the tar_ is vented to the turmel flow,

15



TESTPROCEDURES(Continued)

the safety and fairing doors are opened, and the model is injected into

the airstream. After data acquisition is completed, the model is retracted

into the tank, and the sequenceis reversed with the tank being vented to

atmosphereto allow access to the model in preparation for the next run.

Phase-ChangePaint Tests

Prior to each test run, the model configuration was prepared, the

model attitude was set, and the proper paint was sprayed on the Novamide

wing panel insert. The paint temperature was chosen based on estimates

of the expected heat-transfer coefficient and, as the test progressed,

on the results from previous runs. The model was injected into the

tunnel flow for a test run, and a television monitor was used to view the

developmentof the melt patterns. Whena satisfactory melt was observed,

the model was retracted. Exposure time generally ranged from 10 to 30

seconds. After being retracted into the tank, the model was washed

with alcohol to removethe remains of the old paint and also to cool it

in preparation for the next run.

Infrared Tests

For infrared run_the desired model configuration was injected into

the tunnel at the proper attitude, and the output of the IR camerawas

viewed on the color video monitor. The developing color patterns were

observed as the model surface temperature increased. _nen the temper-

ature washigh enoughto cause a satisfactorily strong signal from the

camera, a single complete frame was digitized. The model was then

16



TESTPROCEDURES(Continued)

retracted and cooled in preparation for the next run.

Data Acquisition

Instrumentation outputs were recorded using the VKF digital data

scanner in conjunction with the VKF analog subsystem. All instruments

other than the infrared camera were scanned at the rate of approximately

ten times per second. Data acquisition began at model lift-off, under

the control of a PDP ll/40 computer, utilizing the random access data

system (PADS). The first data scan included all non-varying parameters,

such as tunnel conditions and model attitude. For any time-dependent

quantities the scan continued at the ten loop per second rate until the

model left the tunnel centerline.

The AGA 680 infrared camera scanned the model to produce a complete

picture at the rate of 16 frames per second. The camera output was re-

corded on analog tape and simultaneously displayed on a color television

monitor. The increase in model surface temperature with time was thus

observed, and a time was chosen to digitize a sir_le frame of IR data.

The model was exposed to the tunnel flow for between lO and 30 seconds.

The phase-change paint melt patterns were recorded with a camera

located on top of the tunnel. Seventy-millimeter sequence photographs

were taken at nominal one-second intervals, beginning at lift-off and

continuing until the model left the tunnel centerline. While it was in

the tunnel the model was observed by means of a television camera. The

video signal was recorded on tape for immediate playback and study prior

17



TESTPROCEDURES(Concluded)

to the next run.

Taken together, all the data obtained during a given injection cycle

are termed a data group and are identified in the data tabulations by a

group number.

18



DATAREDUCTION

For each group,the tabulated data begin with a listing of tunnel

conditions and model information plus other pertinent parameters (e.g.

IR camera f-stop or phase-changepaint temperature) required to charac-

terize the run and use the data. Follo_-ing this, the model heat-transfer

data are presented.

Reduction of both infrared and phase-changepaint data is based on

the assumption that the surface temperature history is that of a homo-

geneous, semi-infinite slab subjected to an instantaneous and constant

heat transfer coefficient.

by:

and

The surface temperature rise is then given

Tw - T i
Taw - Ti = i - e_2 (erfc _) (i)

= H(TAW) l pck (2)

For this test TAW was assumed equal to 0.gT0. The material property,

used in Equation 2 was assumed to be 0.0532 Btu/ft2-secl/2-°R for

all values of Tw.

The Fay-Riddell stagnation-point heat-transfer coefficient, HRFR,

based on a 0.025-ft-radius sphere, was used to normalize the computed

aerodynamic heat-transfer coefficients. (The radius of this h_othetical

sphere would be one foot for corresponding 9all-scale orbiter conditions).

Phase-Change Paint

For the paint dat% the model surface temperature Tw in Equation 1

is set equal to the phase-change temperature of the paint being used for

19



DATAREDUCTION(Continued)

that particular data group. This then defines _. The only remaining

quantity required to calculate the heat-transfer coefficient from

Equation 2 is _t, the time that the model has been exposed to the flow.

This is recorded for each paint photograph. For a given photograph then,

Equation 2 defines a value of heat-transfer coefficient which corresponds

to any observedbo_ndarybetween melted and unmelted paint.

Infrared

For the infrared data, the model surface temperature at any point

is given by:

TW

T r --

_E0 =

fr =

where

KI, K2 =

_n

K2

i +

Y _o KI

7 Er K 1
+

(cnts-cntsr) (eK2/Tr .i)

(3)

cnts =

cntsr =

temperature at point in question, OR

reference plate temperature, OR

emissivity of model

emissivity of reference plate

Y = IRTRANwindow transmission factor

constants defined for each IR camera lens and f-stop from

calibration data using a black-body source

camera output at point in question, counts

camera output at a point on the reference plate, counts

2O



DATAREDUCTION(Continued)

The temperature obtained from Equation 3 is used in Equation I to evaluate

B. The heat-transfer coefficient is then calculated from Equation 2, using

an exposure time based on the time at which the IR frame was digitized.

Onecomplete frame of infrared data consists of 70 scan lines with

ii0 points per line for a total of 7700 discrete spots. The above pro-

cedure is carried out to obtain a temperature and heat-transfer coefficient

value for each of these spots. Before these data are printed, the temper-

ature and the heat-transfer coefficient is normalized by the Fay-Riddell

reference value.

The infrared data are presented in two other forms in addition to

the digital data tabulations previously described. As discussed in data

acquisition, the output of the IR camerais displayed in real time on a

color television monitor. A 70-mmcamerawas used to photograph the

monitor screen simultaneously with the single-frame digitizing process.

On the television monitor the total temperature range which the system is

setup to measure is divided, in a nonlinear fashion, into ten separate

colors, starting with blue for the lowest temperature and progressing

through white for the highest. Each color then represents a temperature

band within the total range, and the interface between two colors corres-

ponds to one particular temperature.

21



DATA REDUCTION (Continued)

The color photographs of the infrared monitor can be used to obtain

surface temperature if a calibration of color versus temperature is known.

Such a calibration is a function of the sensitivity setting of the monitor,

the camera f-stop, and the material emissivity. The emissivity of the

Novamide 700/55 from which the lower surface wing panels were made was

measured in the 2-6 micron band on a sample of the material supplied by

Rockwell International. The camera spectral response is a function of

wavelength, and when the spectral data from the Novamide were weighted •

_-Ith this factor, an effective emissivity of 0.96 was obtained. The

temperatures at the nine color interfaces have been calculated for the

f-stop/sensitivity combinations used in this test and are presented in

Table VI. The f-stop and sensitivity applicable to each group of data

are given on the first page of the IR data printout.

The infrared data are also presented in the form of a contour map,

as illustrated in Figure 5. The IR camera measures a count level for each

of the 7700 spots in one frame. In the contour maps, each of 41 symbols

is assigned a range of counts. The ranges do not overlap, so each of

the 7700 spots is then represented by one symbol, and the computer prints

the complete matrix of TV00 symbols. The minimum count level used and

the size of the increment represented by one symbol are variable, and

by a Judicious choice of these two parameters, it is usually possible

to produce a map on which the background is suppressed so that the

model stands out clearly, and contours of constant count level (and

22
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DATA REDUCTION (Continued)

consequently constant heat-transfer coefficient) are readily discernible.

This form of the data presentation is inherently qualitative. However,

these maps are quite useful for locating "hot spots" and therefore are

helpful in selecting the appropriate locations from which to plot the

primary tabulated data.

In order for the IR data to be truly useful in making plots of

heat-transfer coefficients versus model coordinates, it is necessary to

define model positions in terms of Line and Point numbers. This _2s

done by taking pre-test infrared pictures of the mcdel with a grid-line

pattern attached. The dimensions of the grid pattern are sho-_n in

Figure 6. The pairs of numbers indicated at several of the intersections

are the IR line and point numbers, respectively, which define the location

of the intersection within the IR picture. With this information, and

the accompanying model dimensions, any spot on the -_ing surface can be

related to a spot in the IR picture.

Measurement Uncertainty

An evaluation of the influence of random measurement errors is

presented to provide a partial measure of the uncertainty of the final

test results presented in this report. Although evaluation of the

systematic measurement error (bias) is not included, it should be noted

that the instrumentation precision values (given in instrumentation

section) used in this evaluation represent a total uncertainty combi-

nation of both systematic and t_o-sigma random error contributions.

23



DATAREDUCTION(Continued)

Test Conditions

Uncertainties in the basic tunnel parameters Po and To (see

instrumentation section) and the two-sigma deviation in Mach number,

determined from test section flow calibrations, were used to estimate

uncertainties in the other freestream properties, using the Taylor-series

method of error propagation.

Uncertainty (_), percent

M_ Re/ft x I0 -6

7.90 0.50

7.92 0.75

7.9_ 1.oo

7.96 1.50

7.98 2.oo

7.99 2.50

7.99 3.o0

8.oo 3.5o

M_ Po To Re/ft

o.4 o._8 o.4 1.2

o.24 T

o.3 o.16 i.o

0.12

0. i0

HRFR

1.O

0.8

i
!

T

The uncertainty in model angle-of-attack (a) is estimated to be

_0.5 degrees.

Data

In this test, data were obtained using the AGA 680 Thermovision

System and temperature-sensitive phase-change paint. The influence of

random measurement errors for each of these test techniques is presented

in this section.
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DATA REDUCTION (Concluded)

Heat-transfer coefficient measurements, H(O.9TO), for this test

ranged from about 0.02 to 0.002 Btu/ft2-sec-°R. Overall estimated un-

certainty in absolute values of heat-transfer coefficient from the two

instrumentation methods is as follows:

H(O.gT0),Btu/ft2-sec-°R

Uncertainty (+), percent

IR Phase Change

0.002 15 14

0.020 12 ll

These values Were derived using a Taylor-series method of error

propagation with the instrumentation uncertainties listed in the

instrumentation section, combined with uncertainties listed below:

Item Estimated Uncertainty (±)

±iO_ of assumed value

Ti ±lo_ of measured value

TW)I R ±1.2% of measured value

_)phase-change ±l.O_ of paint rated value

TAw

At)l R .+O.i sec. absolute

_t)phase_chang e ±0.2 sec. absolute

It should be noted that the dominant term in the uncertainty

calculations for IR and phase-change paint technique is the uncertainty

value of the model thermal properties (Pck).
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RESULTSANDDISCUSSION

Data from the blockage test consisted of go -- no-go determinations

based mainly on observations of the shock wave system on the model by

meansof the shadowgraphsystem. The shadowgraphpictures have been

delivered previously to Rockwell International. Included in this package

is a summaryof the tunnel conditions and model attitudes tested and the

results for each. This is presented in Table VII.

Computertabulations of the phase-changepaint data from the OH90A

test entry are presented in Appendix A of this report. Tabulated data

from the IR runs are contained in Appendix B of this report. The IR data

are also presented in the form of a plot of H(O.9TO)/HRFRversus Point

Numberfor six spanwise locations, which were chosen to correspond with

the locations of the six simulated RSI tiles. These illustrate the

variation of the heat-transfer coefficient along a chord-line passing

through each tile. Theseplots are included in Appendix C of this report.

IR contour plots are presented in Appendix D. All photographic data have

been transmitted under separate cover to Mr. J. W. Cummings,Rockwell

International, SpaceDivision, and a copy is on file at AEDC.

On occasion during the test various data system componentsfailed

to function properly. In addition, somedata groups were run simply to

check out the system. For these reasons there are several group numbers

for which no actual model data exist, and these are indicated in the

test log presented in Table II.

Data presented with this report and reduction procedures described

herein were extracted directly from Reference 3.
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TEST : OH9OA,NA29

TEST CONDITIONS

0ATE : March, 19781
i

i|

TEST CONDITIONS

MACH NUMBER

7.9o

7.92

7.94

7.96

7.98

7.99

7.99

8.oo

REYNOLDSNUMBER
oer unit length
- x !0"_

0.50

0.75

1.O0

STAGNATION

PRESSUEE

105

155

210

i.50 320

2.00 425

_TAGNATION TEMPERATURE

(degrees Rankine)

126o

127o

1275

129o

13oo

2.50 555 132o

3.oo 670 133o

3.50 8o0 1335

BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

COMMENTS:

I I! II
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TABLE III. MODEL DIMENSIONAL DATA

MODEL COMPONENT: WING - Wll 6

GENERAL DESCRIPTION: Configuration 5. NOTE: Identical to Wll4 except

airfoil thickness. Dihedral angle is along trailing edge of wing.
Geometric twist = O.

MODEL SCALE: 0.0175
DIMENSIONS:

TOTAL DATA

Area (Theo.), ft2

Planform

span (Theo.), in.
Aspect Ratio

Rate of Taper

Taper Ratio

Dihedral Angle, degrees

Incidence An_le, degrees

Aerodynamic _#ist, degrees

Sweep Back #mgles, degrees
Leading Edge

Trailing Edge

0.25 Element Line
Chords:

Root (Theo.) B.P.O.O.

Tip, (Theo.) B.P.
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC
EXPOSED DATA

Area (Theo.), ft2

span, (Theo.), in. BPI08
Aspect Ratio

Taper Ratio
Chords

Root BPI08

Tip 1.00 b/2
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 ,MAC

Airfoil Section (Rockwell Mod NASA) XXXX-64
Root b/2 =

Tip b/2 =

Data for (1) of (2) Sides
Leading Edge Cuff_
Planform Area, _2

Leadin_ Edge Intersects Fus M.L. @ Sta

Leading Edge Intersects Wing @ Sta

DRAWING NO. : VLT0-OO01hOA, -000200
FULL SCALE MODEL SCALE

2690.0 0.824

936.68 16.392
2.265 2.265

z.177 I.ITT
0.200 0.200

3.500 3.500
o.500 o.5oo

45 .ooo 45.ooo

- lO.O56 - lO.O56

35.2o9 35.209

689.24 12.o62

137.85 2.412
474.81 8.309

1136.83 19.895

29o.58 5.085

182.13 3.187

1751.50 0.536

720.68 12.612

2.059 2.059
0.245 0.245

562.09 9.837

137.85 2.4].2

392.83 6.875

1185.98 20.755

294.30 5.150
251.77 4.406

O.113 0.113
0.120 0._0

i13.18 0.035

5OO.OO 8.750

1024.00 17.920
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TABLE VI. COLOR INTERFACE TEMPERATURES

f-stop

sensitivity

Blue-Light Blue

Light Blue-Green

Green-Light Green

Light Green-Violet

Violet-Magenta

Magenta-Red

Red-0range

Orange -Yellow

Yellow-White

200!

558

589

611

629

644

657

668

678

689

1.8

5oo

6oo

6_

672

695

715

732

746

76o

772

Temperature OR

1000 500

64O 6_6

692 697

728 732

756 760

779 783

80O 803

818 821

834 838

849 852

2.5

i000

694

756

799

833

861

885

9o8

928

947
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TABLE VII. BLOCKAGE DATA SL_g_AEY

CONFIGURATION

0.025 scale

0.025 scale w/

T.E. extension

ALPHA-MODEL

_o

45

30

45

45

4o

45

43

42

45

_0

Re x 10-6/ft

o.5

2.5

3.8

0.5

1.O

1.25

1.5

2.0

2.5

BLOCKAGE

No

Yes

No

Yes

Yes

No

Yes

Yes

Yes

Yes

No

No

Yes

No

No

59



#

m

0

C_

I
F-
I

CO

0

0
o

oJ

_0
.IH

6O



o

.,.4

o
.,.4
u_

.,-.I

o,i

I

r-.(
0J

...o
o

,r-I

0

6]



°

%

--_y

\/--Copper Leading Edge
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700/55

0

Novamide 700/55
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(h places below
copper surface)
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y

a. RSI Tile - Forward Location

Figure B. Wing insulation simulation details.
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b. RS! Tile - A-_t Location

Figure 3. Continued.
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c. RCC Roughness - Inboard Location

Figure B. Continued.
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RCC Segment

0

-----_y

J

J
f

J

d. RCC Roughness - Outboard Location

Figure 3. Concluded.
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a. Tunnel assembly

b. Tunnel Test Section

Figure 4. Tunnel B.
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APPENDIX B

SOURCE DATA: IR DATA TABULATIONS



ALPHA-MODEL

ALPHA-SECTOR

b

BETA(TO), 8,

BETA (0.gTO)

CAMERA

DELTIME, A_

GROUP

H(TO)

 (TO)I  R

H(0.9TO)

NO_NCLATUP_

Model angle-of-attack in the pitch plane

(positive direction, nose down), deg

Tunnel sector angle, deg

Model wing span, in.

Semi-infinite slab parameter

= H(TAW) _

for this test, data were. reduced with TAW defined

as either TO or 0.9TO

Btu

Specific heat of model material, Ibm_OR

Denotes location of camera recording paint pictures

TOP - Camera on top of tunnel

Time model was exposed to flow before taking

phase-change pain= picture or IR digitizing, sec

Identification number for each tunnel injection

Model heat-transfer coefficient based on tunnel

stilling chamber temperature, TO, Btu/ft2-sec-°R

H(TO) divided by HRFR

Model heat-transfer coefficient based on 0.9TO,

Btu/ft2-sec-OR

H().9TO) divided by HILFR

Reference heat-transfer coefficient based on

Fay-Riddel]theory, Btu/f=2-sec-"R

,1.172(P01)0"5(_-0)0"4(I - (P-INF)/P01)0"25](_)0.5 (T0)0.15 x

0.2235 + 0.0000135 (TO + 560)

where P01 - stagnation pressure downstream of a

normal shock, psia
C

I

MU-0 - air viscosity based on TO, ibf-se_f= 2

RN - reference nose radius = 0.04 f=

B-I I



_N!TIAL TE_, Ti

I_JECT T%ME

k

M

MU-INF

PAINT TEMP, T
pc

PCK½,

P!c NO

P_INF, p_

PO, P
o

Q_!NF, q_

RE/FT, Re_

RHO_!NF

ROLL NO

T

TAW,Taw

TBAK (TO)

#

Model temperature measured prior to a run, °R

Time required for model to reach centerline, sec

Model material thermal conductivity, Btu/ft-sec-°R

Free-stream Mach number

Free-streara viscosity

Denotes the rated melting temperature of the

selected paint, °F

See

Denotes the frame number for each picture

for a selected group. The number in brackets

is the paint melt temperature in °F

Free-stream pressure, psia

Tunnel stilling chamber pressure, psia

Free-stream dynamic pressure, psia

Free-stream unit Reynolds number, ft "I

Free-stream density, slugs/ft 3

Identification number for each roll of

paint film

Temperature, °R

Adiabatic wall temperature, °R

TW-Ti where _W is the phase-change paint temperature

TO - T i'

TBAR (0.9T0)

Ti

TIME, =

TO, T
o

TW- Ti where TW ks the phase-change paint

0.9TO - Ti temperature

Free-stream temperature, °R

Initial model surface temperature, °R

Time, sec

Tunnel stilling chamber temperature, eR

B-2



TW, T Measured model surface temperature, °R
w

V-INF

Y

B

Free-stream velocity, ft/sec

Spanwi_e distance from model centerline, in.

H (TAW)/at
Semi-infinite slab parameter,

Model material density, Ibm/ft 3

Square root of the product of the model density, •

2 ½-°R
specific heat and thermal conductivity, Btu/ft -sec

B-3 %..
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